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B. Explanation of Terms: The following list of terms, although 
tne necessarily peculiar to aerial recovery, are used in the text. For 
vee moet part, the list includes only those terms that have an unsuat 
sense or meaning in association with aerial recovery or parachutes. . 

gale Apex - the top most point of an inflated parachute. 


sy Attaching straps - straps connecting @ parachute clevis 
to a suspended weight. - | a - 


3. Breathing - « periodic inflation and deflation of @ 


: 4. Clevis - a metal unit connecting either a recovery | 
7 *o @ winch line or parachute suspension lines to attaching steape,” 


d. Conisig., - the horisontal circular motion of a parachute 

—_s © point, normally associated with « tanden parachute 

| 6. Contact ~ a touching of the extended recovery gear with 
a system. | | | 


7° De-rig - any action which. resulte in separa part 
of the recovery loop from the poles. _ 4 oe 


. 8. Fishline ~ the in-trail position of a recovery 7 not 
the aped to the poles but suspended on the winch line behind cod telow 


| 9. Heavy suspension line - a reinforced vertical parachute 
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_,,, 10. High Speed Run - a maneuver designed to put the aircraft 

within visual adquisition range of a system in minimm time which 

includes the factors of range and altitude, 
Lateral ~ @ horisontal reinforced parachute band, | 
Lock~See - a visual inspection of a system in flight, 


13. Mae West = deformation of a parachute caused by a suspension 
line loeped over the top of a parachute, 3 


| ls. Reefed ~ the intentional or unintentional gathering of 
parachute suspension lines which resulte in only inflation. 


15. Rigged ~ serial recovery equipment is extended. from the 
aircraft and ready for recovery, 7 


16, Sheave - the gathering together of parachute suspension 
lines which occurs when a parachute collapses after recovery. 


Skirt - the bottom edge of an inflated parachute. 


Splash - physical contact of any article with the ocean 
surface. | | | 


Streamer ~ a parachute that does not open, 
Suspension line - a vertical parachute line, 


21. System - a parachute or combination of parachutes and the 
essociated suspended weight. z 4 | 


22, Tear Through - physical contact of a parachute which does 
‘net result in recovery, a | 


23. Weather box - a designed to maintain close-in 
electronic surveillance of a system in flight, : 


Visual - visual acquisition of a system in flight, 
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it RECOVERY PARACHUTE SISTERS 


i. The parachute systen syaten may be a single parachute or a combination | 
of or devices. It is the recovery target and after contact 
4t is the link between the aircraft gear and the recoverable package: | 
Its design affects recovery reliability, and also affects the forces 
imposed by the aircraft, ee ee ee ee 
package during recovery. 


2. Minimum packed bulk, windsam weight, reliable deployment, 

| Stab lity and sufficient sise to provide « reasonable rete of descent 
herb pig nl cxic iion agin pies eck ap rar parachute design — 

criteria The requirements and stresses of aerial recovery impose 





mest the recovery ber aga with various eee weights and 
allowable package " 


A. The Mark 5C Parachute: ish sedi teh We ew Sali 
weight. recoveries were modifications of standard cargo or personnel 
parachutes, specially reinforced to withstand aerial recovery. - Even 
after a great deal of experimentation with parachute sise, shape, 
je hgeanl ab hacagrgi cnt ang meer ore TY Naa the early systems all. 
something to be desired in stability and reliability. Parachute 
secliiaaian, "breathing," and other erratic flight behavior made working 
these systems more than a challenge to the recovery pilot. ' Under ideal 
conditions recovery was difficult; under adverse conditions, almost 
7 aa peas Recovery reliability was relatively low == such parachute 














(2) Finally, a type of "ring-slot" cavaaiute uns was developed and 
| adapted for recovery. Didar pacha gp-at pepe poe, pe ter payer 


lines, Itiwus.desighated the Mark 5B-3, the Mark 5 for the shape of the 
inflated canopy, the B for "ring-slot" (The MK 5A hed a solid canopy) 
and the 3 for the number of laterals. Subsequent testing resulted in: 
the addition of another lateral, designed #/,, placed between the #1 
lateral: and the canopy apex, to increase recoverability. The 
became the Mark 5B-4. A later modification of the suspension lines to 
reduce weight has Beemdésignated the Mark 5C, but for the canopy construc- 
Mark 5 ia See that follows, the Mark 5B-,, and 
are iden is now the standard training: parachute 
and is manufactured by several companies, | 


: (2) The Mark 5C is @ nylon twenty-four ring-elot parachute 
eth « naka inter of 3.7 ft dC wee oF pty 


IIe] 





until the writing, limited its use to iodium weight applications. 


_ mast be sized and stressed for recovery impact, The sise of the botten 
parachute i Limited only by taterial and peracinte techeoleg | 
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(Ultimately, the woight that the aircraft can carry in trail). A 
tandem system has the advantage that, in the event of tear-through 
of the top (recovery) parachute, the package is still supported by 
the bottom parachute, avoiding catastrophic descent, Als 


parachute, and, carrying the weight of the load line, usually lays 
over a little to one side. This frequently results in “breathing", 
"coning", or other erratic top parachute movement, in the vertical 

as well as the horisontal plane, making achievement of a good contact 
often difficult, and sometime hazardous. - 7 | 


(5) Regardless of whether the parachute is a standard Fark 
3C, a conical extension, or a tandem system, the pilot's job remains 
that of achieving the best possible contact. Special training is 
conducted for all non-standard systems as the requirement arises. 
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ITI AIRCRAPT PERFORMANCE: | | 

A general discussion of aircraft performance factors as they apply 

to recovery is an aid to understanding the techniques of aerial recovery : 
presented in the sections to follow. Aircraft descent and configuration . | 
airspeed limitations are important in establishing the working envelope | 
of parachute system descent rates. Maneuverbli lity:is of; ptimery’ impobtaice . 
when & working pattern close to the systen, and together with 
pilot ability, is essential to the achievement of good contects, Center | 
of gravity considerations are of lesser importantese long as normal hand- 
book limitations are observed, The pilot should be aware, however, that 

center of gravity changes do occur during the recovery cycle. | | 


1. Aircraft descent/airspeed limitations and aircraft handbook 
limitations will be cbserved in all configurations. With wing flaps SOx. 
geer up, aft cargo door and remp open, the limiting airspeed is 150 knots, 
if based on C=130 handbook limits for the aft. cargo door and » andthe ~- 
Ove SO te ine angle of bank to 45° maximum. If the flaps are set 

» the maximum allowable indicated airspeed is further reduced to 


145 knots. | - 
a. At normal aircraft weights, only about a 2500 feet/minute 
rate of descent can be main This figure has been established as 


the maximm system descent rate at which a parachute.will normally be 
worked, No minimun, of course, is necessary. In an emergency, the - 
aircraft descent rate can be increased slightly, by lowering 

gear. The air deflectors have little drag effect, but aleo may be opened. 
Gear down recoveries are not permissible, so the landing gear must be 
retracted prior to making a recovery pass. - | 


| db. Normal parechute system descent rates lie between 1500 to 
2000 fest per minute, well within C-130 aircraft capability, provided 3 
_ the system is allowed to drop to no more than a few hundred feet below 
the aircraft. With the covery rig deployed, in the Pickup position 
aircraft limitation airs can be flom. Keeping the airspeed between 
120 and 155 knots should not be a problem to the pilot on a normal syster. 





at a constant vertical "IAS", Its vertical "TAS" or actual descent 

rate, disregaring possible vertical wind effects) decreases with altitude, 
so that an abnormal systen that is descending beyond the aircraft's | 
capability at 15,000 feet may be workable at some lesser altitude. 


2, Maneuverability, A discussion of aircraft maneuverability 


probably should be presented mathematically, for pilote have. varied 
opinions, and presentation of calculated proof is best evidence. "Tits 
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_&. The first aspect, control effectiveness, is complex, At low 
wheel Tee eres may feel *mshy* to the pilot. At higher aire wen | 
wheel forces increases, so that the pilot feels he has firmer 9 
and the aircraft may feel more responsive, In general, control effective- 
ness, as indicated by the direct force the control surface is able to 
exert, does increase with airspeed. Mot so obviously, so do aircraft 

airspeedsthhe | 





of 120,000 pounds, flaps 508, is 120 KIAS, rt follows that caution be 
used to avoid large control corrections if recoveries are flown at 
heavier aircraft weights, at this minis recovery speed, or that an 
extra margin of airspeed may be desirable. In tight turns, at heavier 
weights, extra airspeed may be necessary to avoid stall, : 


| De rmepoueh the recovery pattern itself should be flown in | 
Bormal coordinated manner, uncoordinated controls be needed, just | 
prior to contact, because of an apparent (not actual} “control reversal". 
effect. This occurs because the recovery rig is below and well behind 
the aircraft center of gravity. In attempting to position the rig for 
7 the piict 


rig : | 
rig to the 1 ep erator moves the rig down, and left radder ave the 
Fig to the right. This occurs, of course, because the aircraft attitude 
begins cha stave’ immediately with the control actuation while tr 
Tlight path ‘momentarily is rreutsally unchanged, and takes several 
seconds to begin changing, The sense of timing and judgement, needed to 
use this effect to best advantage comes only from experience andchractice, 
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At a given indicated airs and angle of bank, the turn radius 
increases with altitude because of the increased. true airspeed. 

the angle of bank, ¢ else held equal, decreases 
the radius of turn. The steeper the bank, though, the more time is 
s in and rolling-out, so that the effect is not quite | 
as direct as it might seem. Bank, of course, is ultimately limited 
by the handbook maxizum of 60° clean, and 45° 


2. Center of gravity considerations. Movement of the dolly during 
‘Yigging causes a rearward movement of the center of gravity. This is 


a. Recovery pilots should be aware however, that, with 
exceptionally heavy packages in trail, the aircraft can approach neutral 
stability, and under unusual circumstances, with package oscillation, | 
became momentarily unstable. The pilot must stay “on top” of his aircraft, 
with heavy package in trail, and should exercise care even with 
Lightared ght : systems in trail. : 
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_ An experienced pilot may scmetine recover into 


IV FUNDAMENTAL RECOVERY FLYING 


The recovery pattern is basic to aerial recovery. Its primary purpose 
is to place the aircraft in position to effect aerial recovery or to 
make a look-see pass. Secondarily, the pattern keeps the aircraft in 
the vicinity of the parachute system, allowing the pilot to either make 


explanatory and rarely used, will not be discussed. The weather box, 
used under instrument conditions, is discussed in Section VI. 


de pattern. The tear-drop pattern is comprised of a 
timed outbound leg seconds, a constant rate (bank) left 
turn, and: an inbound leg. Its form is similar to an instrument procedure 
tear drop, except the are shorter. The included tear drop angle is 
usually greater than 45°, rather than 20° or 30°, The short legs are 
necessary to keep the aircraft ‘close to the system. The turn should be > 
| to 


leg, is 
| Fecommended for early training. | 


a. Prior to drop for recovery, a drop heading should be chosen 
which will provide the most advantageous cloud/horison background on 
the intended recovery pass. If one look-see pass will be made prior 
_ to the recovery pass, the aircraft , at should be such that 
the desired background is just aft of the left wing tip (see figure 7). 
If, on the other hand, there is an undersirable background area to be 
avoided, drop with this area between the nose the right wing tip 

ound 


c. The drop altitude recommended is 1,,000 feet MSL, The Rilot 
may, however, choose to drop from a different altitude for weather, 
increased practice, or for other reasons. When advised by the winch 
operator that the rig is deployed for drop, the aft rigger will stand 
by 0 actuate the drop release on the pilot's command "Release the 
sys -- now,” . 
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The pilot's next 


: ge 
intentions, i.e., of 


stationary against the background. 


pass is to be a look-see, 
and 
run 


the sys 
For a 


hh. When lined up inbound, the pilot should insure that the 


contact envelop | 
note whether speed is increasing or decreasing, Bipot ged 


airspeed is within the allowable 
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Heading and elevation corrections should be made as soon as the need 
is sensed, because the longer delayed, the larger the required correc- 
tion, Care must be exercised however. Over correction is a common 


: i. At about 10 seconds from the system the recovery crew | 
should be advised "10 seconds" by the co-pilot. At this time the pilot 
should have his attitude and airspeed established and be able to forget 
bis instruments entirely, or else he should pull off for another pass. 
From this moment, he must keep a constant visual on 
his eyes out of the cockpit. He allows the system to start dropping 
below the horizon, attempting to position the aircraft so that the apex 
of the parachute passes approximately 7 to 12 feet directly beneath the 
nose, with the parachute aligned to the line of flight. Corrections 
made during the last few seconds should be smooth but positive. large 
corrections are not possible, even with large (of attitude, 
because of the time factor. if it appears large corrections will be 
necessary in the last few seconds, a pull-off should be initiated, | 
using (most importantly) power, combined with flight controls. A pull- 
off initiated less than three seconds out is rarely successful, 80 
pull-off should be initiated earlier, , 


J» Corrections may be made using all flight controls. The 
elevator, with throttles, handily corrects for elevation, but both 
aileron and rudder affect the system lineup. One suggestion - early — 
in the program, use coordinated aileron and rudder together for line-up 
correction, especially out away from the system, As you gain experience, 
and acquire a"“feel" for the way the aircraft and rig moves with the 
aileron, and with the rudder, you will Mind yourself increasingly able 
to make last second "reversed control" corrections using aileron only, 
or rudder only, in uncoordinated fashion. Regardless of your methods, 
your technique should be smooth and gradual, ‘There is no excuse for 
for abuse of the aircraft. | 


- 


k. If the pass is a dry run or & look-see, the pilot should 

reset his clock for timing as he | sys 

ap & marker, for the next pass. This applies also for a hot pass 
8. - | : 


1. If the pass is hot, and contact is made, the aft left 
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at pattern, and is usually entered 
to or of bapk when the system reaches the wingtip (9 o° 
on the (normally 30° bank) turn. It also my 





or 
distance on the wingtip, a ous 
teristics, The first is that the system will | 
Y » easy visual range. The second is that : 
te turn inbound at any tine, provided he maintains his descent with the 
system, and will be about 25 seconds out when belbelis 
inbound. | - 





| | @. Because of these characteristics, the circling approach is 
_ recommended for use when the pilot is seeking a better Korison/back- 
ground, when rigging or re-rigging mst be accomplished, or when the 
pilot simply wants to wait (for any reason) for the system to reach 
lower altitude, with a minimum of maneuvering, Inbound procedures: are 
the same for the teardrop pattern, : _ 


+3. Factors Affecting the Pattern: Recovery patterns, and recoveries 
are flow within an indicated airspeed envelop, Because true airspeed 
increases with the decreased air density of higher altitude? at a given 
Andieated airspeed) the recovery pattern is obviously larger dimensionally 
at higher altitude. Additionally, the higher actual speed results in 
higher centrifugal force while turning, so that more bank angle is 
required to turn at the same rate at an increased altitude. The reverse 
effect is obvious in a recovery pattern: At higher altitude, wing the 
Same angle of bank, the turn is larger and takes longer. This effect. - 
tends to make the pattern larger still, and the differnce between the 
pattern at 15,000 feet and 5,000 feet, in closeness to the systen, 

is noticeable to the pilot (see figure 8), — | 


&. More important, perhaps, is the time taken to fly the pattern. 
The recommended 25 second tear-drop takes slightly less than twe minutes” 
If weather or other circumstances limit recovery opportunity, tine 
becomes critical. Conditions may not allow the pilot much choice as to 


g 


c. Flying the recommended 25 second pattern, it can be seen 
that 5 passes sliould be avilable, before splash, using a 15,000 foot 
Grop altitude. (See figure 8). A rule of thunb is that each pattern 
uses up 3,000 feet of system altitude. | | | 


4. Pointe for Discussion: 


&. Réecovery, Patterns are flow using left hand turns whenever 
possible. This aids the pilot in visually acquiring the system. It 
also makes it possible for the pilot flying back-up to plan his back-up 

| D. Minimm altitude for recovery is 400! absolute altitude at. 
contact. If the aircraft is not inbound 20 seconds or less out when 
the system reaches 1,000', it is obvious a recovery cannot be made, 


Cc. re only the two inboand throttles in the recovery pattern _ 
order 


less than 10 secends cut) to use all four throttles furs pulloest ap” 


: d. The parachute system, as mentioned in Section IT "flies" 
(descends) according to its indicated vertical airspeed. Thus its 
actual descent rate (TAS) decreases with decreased altitude. The - 
aircraft may be able to "stay with" a system, at a lower altitude, when 
it would not at a higher altitude. | | 


6. Stresses on the system during recovery are chiefly a 
function of aircraft true airspeed, winch performance, type of contact 
and type of syster, although there are other factors. One way to help 
reduce stresses on the systen is to plan contact at a lower altitude 
(lower TAS). If maximum altitude (15,000! MSL) mst be used, the only 
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_) HE HIGH SPEED (EDF) RUN 
i. ‘General: | 


a. The first four sections have contained information basic to 
the actual aerial recovery. bagel leapmar gat petacarent pds Cities, aed 
used prior to the recovery pattern, and supplemental procedures — 
appropriate for training in support of the overall unit sissicn. 


 b The high speed run is used when the aircraft is not initially 
within visual range of the system. Using the Electronic Direction 
Finding (EDF) Rculoaent ad thi peibary eoutes 6? bearlig intermation, 
Oe ee ee ee ee ee 
time, and in a position to work the system at the 
possible altitude. 


c. The mamer in which a run is made depends upon whether or not 
the system ot gem ringed to the aircraft position, is known. 
However, runs begin with the recovery aircraft at an "On Station 
Position" *(0.5-P) P) at a given altitude, with 
deployment time and altitude. 





_f, Highest average true airspeed will normally be achieved 
using maxizam continuous power, However, C-130 handboek 2.5G | 
structural indicated airspeed limits must hot be exceeded, When 
turbulence may be expected, as in passage through cumliform clouds 
pended, If rapld deesent a sects Se arpo Lindt 4s recom 
mended. If rapid descent is required it will de necessary ce 
power to romain within either limitation, 


2. Distance Run - System Position Unknown: 


a. When the distance from the aircraft to the system is uninam 
. and could be at extreme range, the pilot must try to 
distance as possible within the available 
below the system, With distance (thus average ) 
consideration, interception of the system at the highest working altitude 
by necessity must be given lesser consideration. At maximum continuous 
power, the aircraft cannot descent at a normal system descent rate and 
remain within‘iteaitspeed limite, Therefore’, descent, should: begin 
early enough to keep the aircraft well below the system allowing a lower 
‘rate of aircraft descent. This will avoid a forced power reduction 





the system far above, A properly flowm high speed run for distance is 
ec ntimuous high speed descent resulting in the aircraft approaching 
see level 2 to'5 minutes ahead of estimated system splash, without the 
necessity for power reduction or 1 off prior to Visual acquisition, 
station passage, or aircraft altitude 400 feet above sea level, whichever 
occurs first. Average aircraft descent rate, depending upon the tine-to- 
fall, will generally be between 1000 and 1500 FPM for initial aircraft 
altitudes above FL200, resulting in airspeeds approximating the 3.0G 
limit for most of the run, | : _ 3 


3. Short Run - System Position Known: 


If the system position is known to be a relatively short distance away 
(say,less than 50 miles with an ample spread between initia) system and 
aircraft altitude), average run speed decreases in importance, The 
oprecag & choose to socririce some airsrear in-ordor to intoree:t at a 
r altitude to make visual acquisition easier to permit a higher 
altitude inspection pass, or because of low altitude weather. , s 
the $id Pocpsie the SET eaten arrive sufficiently below 
syst } ow leveling » Slowing down, and deployment of the 
rig. Normally, the established Planning rinimm of 4,000 feet vertical 
separation is sufficient. Since 15,000 feet MSL is the highest recovery 
altitude normally permitted, aircraft altitude at interception mst be 


vi The Weather Bur = Station Passage ant Vlsusl Aoqeisision 
| Procedures — | 


i. ‘Prior to visual acquisition \eaciiaid depasih ian Pian the ait 
must be maintained, normally 4000 fest or more below the: published TWN. 78 - FACE 


are 

3. Upon station passage begin timing \ 

to sero torque, maintaining a descent higher than that of the syste, 
and continue outbound for 15 seconds. Turn left, 90 degrees and hold 
this heading 20 to 30 seconds - Turn left, 90 degrees and continue | 





conditions have been achieved, and the loop deployed, it is recomended 
Ree ce ee ene one Dene eee ee 
the cloud deck, , 


6. When a recovery is to be made between cloud layers, a clear ares 
of at least 5000 feet is desirable. It is unlikely that a successful 
recovery can be made from a one-minute box pattern with less than 
2500 feet between cloud decks. | | | | | 


VII The Lock-See Pass 


Once visual sighting of the parachute occurs, two types of inspection 
passes may be made, namely with the aircraft rigged or unrigged for 
aerial recovery. The unrigged look-see is normally performed at or 
above 25,000 fest MSL since the aircraft should not be flam _ 
unpressurised above this altitude. The rigged look-see can then be 
made below 25,000 feet ML. . 


' A. UREAARed_Look-see ~ When making a high altitude, unrigged, 
Look-see, eration must be given to the excessive rate of descent 
of the system (greater than 2500 fpm) and the reduced turning radius 
of the aircraft. If a circling pattern is flom then the aircraft — 
should be kept some six miles from the systen. When the parachute. 
begins to approach the horison, a turn toward the descending system 
should be initiated. It is important to remember that at high altitud 


the condition of the parachute and suspended weight. The operations plan 
the parachute 


— . QL. High Speed Descent - After completion of the unrigged 
look-see pass, the quickest method of descending to a "working" altitude 
or backup position is by means of a high speed descent. This is accam~ 
plished by reising the flaps to sero degrees, retarding the throttles 
2000 feat, waits and descending at cr near maximm allowable KIAS until 


times if possible. A penetration tear drop pattern may be accomplished, 


return to the system made so as to arrive outside a normal weather box 


pattern or below other aircraft in the recovery area. Keeping other 


aircraft commanders advised of your intentions and actions is imperative 
for obvious safety reasons. | | a 
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3 &. Allows aircraft to remain close to the parachute 
systen,. 


| b. Usually easier to maneuver into back-up position 


Cc. Places less stress on aircraft in turbulent weather 
conditions | 

while still descending, 

The disadvantages of a low speed descent are: 


= a. At higher altitudes the descent rate of the parachute . 
system and aircraft are approximately equal. : 


d. Allows aft cargo door ramp to be opened if desired 


—_ b. Takes longer to arrive at desired altitude and deploy 
aerial recovery rig than when using high speed descent. 


3. Possibility of forgetting to raise landing geer exists, 


B. - if the aircraft making the looksee is supposed 
to act as or the primary aircraft, the most desirable pattern 
that can be flown is the rigged locksee. When using this procedure, the 
aircraft should be slowed and the aerial recovery rig deployed prior te 
the Looksee:pass. Slowing and tigging is normally done at 16,000 to 
20,000 feet MSL, weather conditions permitting, Obviously, this procedure 
can only be used when the aircraft is positioned close to the descending 
parachute system with a great deal of vertical separation, ~Qnoe the 
aircraft is readied for aerial recovery, the pilot should continue to 


parachute to arrive at his altitude. Many variations of this 3 
are of course possible. Yor example, the aircraft could be rigged at 
16,000 ft MSL and then a climb initiated in the rigged condition so as 
to meet the parachute and perform the looksee at 18,000 or 20,000 ft 
MSL. Some of the advantages of the rigged looksee are: | 


, 1. Allows more time to rig aircraft for aerial recovery in the 
event of difficulties. | | _ 






times. 
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eae the recovery gear envelop contains a total of approximately 266 
sq. fest of area inboard of each pole when extended. This represents 
a distance of 20.5 feet between pole tips and a vertical : : 
18 feet from the outer skin of the ramp door to the pole tip. The 

) envelop is divided into four sones between the poles and four 
additional sones below and outside the pole areas as sham on figure 10, 


: TOTAL STSTENS WORKED «sé SUCUESSPUL 

- a 90 
2 39 100 
3 36 360 
5 7 | 9S 
7 92.9 
6 102 89.2 
, ma 1.2 

‘TORALS 


Individual recovery qualified pilot results for each month are 
furnished showing the number of systems worked and the success or 
failure of each sonal contact, | 
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FIGUHES 
i. Caloulated aircraft maneuversbility discussion, with respect ‘to a. 
descending system, has been minimised in the sext simply because no two 


pilots, aircraft, atmospheric soni tions, or recovery situations combine 
in the same fashion twice, | 


2. Tie tabulated data in figure 11 is fron an 1-48 canuter, the AMt 
51-37 tarn performance chart and then combined graphically. 


3. The charts, in themselves, prove very little than an experienced 
Recovery Filot does not already know or that a student does not intuitively 
feel. They are included to validate recommended techniques, pictorially 
Rtfects setters arid to allow visual comparison en of ‘changing 745 
effects. 


Sg Nee et cert ee oe eet or 
showm to flaca with elapsed time, system altitude loss, 
ted 
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